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Abstract 

There is currently growing interest in retargeting of effector T cells to tumor cells via bispecific antibodies (bsAbs). Usually, 
bsAbs are directed on the one hand to the CD3 complex of T cells and on the other hand to a molecule expressed on the 
surface of the target cell. A bsAb-mediated cross-linkage via CD3 leads to an activation of CD8+ T cells and consequently to 
killing of the target cells. In parallel, CD4+ T cells including THi, TH 2 , TH 17 cells and even regulatory T cells (Tregs) will be 
activated as well. Cytokines produced by CD4+ T cells can contribute to severe side effects e. g. life-threatening cytokine 
storms and, thinking of the immunosupressive function of Tregs, can even be counterproductive. Therefore, we asked 
whether or not it is feasible to limit retargeting to CD8+ T cells e. g. via targeting of the co-receptor CD8 instead of CD3. In 
order to test for proof of concept, a novel bsAb with specificity for CD8 and a tumor-associated surface antigen was 
constructed. Interestingly, we found that pre-activated (but not freshly isolated) CD8+ T cells can be retargeted via CD8- 
engaging bsAbs leading to an efficient lysis of target cells. 
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Introduction 

Since the development of the hybridoma technology a series of 
problems became evident which limit the clinical use of 
monoclonal antibodies (mAbs). One major disadvantage of murine 
mAbs is their inefficient triggering of human effector functions 
including the complement system and antibody-mediated cellular 
cytotoxicity. Therefore, over the past decades a series of ideas were 
put forward to enhance cytotoxic effects of murine mAbs in order 
to improve their benefit especially in tumor therapy. For example, 
toxic compounds including radioactive isotopes were linked to 
mAbs for delivery to tumor cells [e. g. 1,2]. However, even until 
today the number of clinically used mAbs is still small. Another 
approach to enhance killing efficiency of murine mAbs is based on 
the idea to cross-link effector cells with target cells using bispecific 
Abs (bsAbs). Originally, bsAbs were obtained by chemical cross- 
linkage or by the quadroma technology [e. g. 3]. Although the only 
approved bi/ trispecific mAb catumaxomab so far is produced by 
quadroma technology, this technology like many others appears to 
have a series of drawbacks. On the one hand, quadromas are 
formed by fusion of two hybridoma cell lines. As a consequence, 
both heavy and light chains are combined randomly. Thus, only a 



limited portion of quadroma-produced bsAbs has the desired 
specificity. Moreover, as the quadroma cell is derived from a 
mouse and a rat hybridoma cell the resulting bsAb is immunogenic 
in humans and its application is limited due to the formation of 
human anti-mouse Abs (HAMAs). Recombinant Ab technologies 
finally helped to achieve the breakthrough of bsAbs. However, it 
still took more than a decade and a plethora of constructs had to 
be created from a long list of investigators until highly efficient and 
sufficiently stable bsAbs became available that are currently on the 
way into the clinics [e. g. 4, 5]. Especially single-chain bsAbs 
represent promising therapeutic molecules [4-6]. Such bsAbs are 
usually generated by fusion of the minimal binding domains (Fv, 
fragment variable) of two mAbs. By simultaneous binding to the 
activating CD3 complex and a tumor-associated surface antigen 
(TAA), such bsAbs (also known as BiTEs for bispecific T cell 
engagers) are able to trigger a T cell-mediated tumor cell lysis in a 
T cell receptor (TCR)- and MHC-independent manner [6—11]. 
Their highly efficient antitumor activity has already been shown 
both in vitro and in animal studies [4,5]. First clinical trials with 
blinatumomab, the first BiTE successfully applied for treatment of 
B cell leukemia and lymphoma patients, support their functionality 
even in men [1 1]. As the CD3 complex assembles with all TCRs 
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BiTEs are able to cross-link target cells not only with CD8+ 
cytotoxic T cells but also with CD4+ T cells including TH 1; TH 2 , 
TH 17 and even regulatory T cells (Tregs). It is commonly known 
that activation of CD4+ T cells results in the release of huge 
amounts of cytokines and thereby can contribute to life- 
threatening cytokine storms. Moreover, it has already been shown 
by our group that the suppressive mechanisms of Tregs can be 
triggered after bsAb-mediated cross-linkage to tumor cells [e. g. 
12]. In order to circumvent the activation of CD4+ T cells we, 
therefore, tried to develop tools for selective retargeting of CD8+ 
T cells. For proof of concept, we constructed a novel bsAb with 
specificity for the co-receptor CD8 of the TCR complex and for 
prostate stem cell antigen (PSCA) as one potential TAA. Here we 
show that pre-activated CD8+ T cells can be efficiendy redirected 
via CD8-engaging bsAbs for killing of tumor cells. 

Results 

Construction and Purification of a Novel bsAb for 
Retargeting of T Cells via the Co-receptor CD8 

As schematically summarized in Fig. 1AI conventional single- 
chain bsAbs for retargeting of T cells to tumor cells are directed on 
the one hand to the CD3 complex of the TCR complex and on the 
other hand to a surface target antigen. In previous studies we 
among others have established such highly active single-chain 
bsAbs for redirection of T cells to PSCA+ tumor cells [13-15]. In 
order to recruit only the CD8+ T cell subpopulation for tumor cell 
killing, we here generated for proof of concept a novel CD8- 
directed single-chain bsAb by combination of the same functional 
anti-PSCA domain (clone MB1) with an Ab domain directed to 
CDS (Fig. 1AII). In a first step, mAbs recognizing the human 
CD8 molecule were established by conventional hybridoma 
technology. After subcloning of the hybridoma cells the variable 
heavy (V h) and light chain (V l) sequences of a selected clone were 
determined and a single-chain fragment variable (scFv) in the 
orientation Vjj-Vl was constructed. Next, we replaced the CD3 
domain in the previously described single-chain bispecific tandem 
fragment variable (scBsTaFv) CD3-PSCA(MB1) with the newly 
generated anti-CD8 scFv. The structure of the resulting novel 
single-chain bsAb compared to the original scBsTaFv CD3- 
PSCA(MBl) is schematically summarized in Fig. IB. It is 
noteworthy to mention that in all bispecific constructs we used 
the same kind and sizes of glycine-serine (GS)-linker elements. 
Moreover, all heavy and light chain sequences were organized in 
the same orientation. For secretion into cell culture supernatants 
all constructs were equipped with an N-terminal signal peptide 
(Fig. IB, SP). For purification and detection, a myc- and 
6xhistidine (his)-Tag was fused to the C-terminus (Fig. IB, 
myc, his). 

The novel recombinant scBsTaFv CD8-PSCA(MB1) was 
purified from cell culture supernatants by Ni-NTA affinity 
chromatography and isolated proteins were analyzed by SDS- 
PAGE (Fig. 1C, CI) and immunoblotting (Fig. 1C, CII). As 
shown in Fig. 1C, the purified recombinant Ab was sufficiendy 
enriched after affinity chromatography, had the estimated 
molecular weight of approximately 60 kDa and could be detected 
with an anti-his Ab. 

Characterization of the Novel Single-chain bsAb for 
Retargeting of T Cells via the Co-receptor CD8 

Using flow cytometry analysis we tested whether or not each of 
the two arms of the novel single-chain bsAb is capable of binding 
to its respective target site. As shown in Fig. 2A the scBsTaFv 
CD8-PSCA(MB1) was not only able to bind to PSCA+ target cells 



but also to CD8+ T cells. As well as the maternal anti-CD8 rnAb 
the bispecific construct failed to bind to CD4+ T cells (data not 
shown). Furthermore, T cells could be cross-linked to target cells 
with the help of the scBsTaFv CD8-PSCA(MB1) as verified by 
epifluorescence microscopy (Fig. 2B). Observed T cell/target cell 
synapses were similar to those mediated by conventional CD3- 
directed bsAbs [11] but did not occur in the absence of any bsAb 
(data not shown). 

BsAb-mediated Cross-linkage of Target Cells with Freshly 
Isolated Non-activated T cells via CD8 is not Sufficient for 
T cell Activation 

Our previous studies have shown that cross-linkage of freshly 
isolated T cells with PSCA+ tumor cells via the CD3 complex 
using the scBsTaFv CD3-PSCA(MB1) results in efficient activation 
of both CD8+ and CD4+ T cells. In agreement with this, co- 
cultivation of non-activated CD8+ T cells with PC3-PSCA cells in 
the presence of the scBsTaFv CD3-PSCA(MB1) leads to a 
substantial upregulation of the activation markers CD25 and 
CD69 (Fig. 3A, middle). In contrast, but not unexpected, no 
considerable activation of T cells was observed upon engagement 
via the co-receptor CDS (Fig. 3A, right). Although CD69 was 
upregulated to a small extend in the presence of the scBsTaFv 
CD8mu-PSCA(MBl), the CD25 expression level of redirected 
CD8+ T cells did not increase. In line with this lack of activation, 
no significant amounts of cytokines could be detected in co-culture 
supernatants after cross-linkage of non-activated CD8+ T cells or 
non-activated peripheral blood mononuclear cells (PBMCs) with 
target cells via the co-receptor CD8 (Fig. 3BI, BII). In contrast, T 
cells engaged via the CD 3 complex produced significant amounts 
of pro-inflammatory cytokines including TNF and IFN-y as a 
consequence of bsAb-mediated activation (Fig. 3BI, BII). 

BsAb-mediated Cross-linkage of Target Cells with Pre- 
activated T cells via the Co-receptor CD8 Induces Efficient 
Tumor Cell Killing 

As freshly isolated CD8+ T cells could not be activated via the 
scBsTaFv CD8-PSCA(MB1), we finally tested whether or not pre- 
activated CD8+ T cells can be engaged via the co-receptor CD8 
for an efficient bsAb-mediated tumor cell lysis. For this purpose, 
PSCA+ target cells were incubated with either prestimulated 
PBMCs (mainly composed of CD8+ T cells) or bead-activated 
isolated CD8+ T cells in the presence or absence of the scBsTaFv 
CD8-PSCA(MB1) or the scBsTaFv CD3-PSCA(MB1). Interest- 
ingly, retargeting of pre-activated PBMCs as well as isolated pre- 
activated CD8+ T cells resulted in efficient lysis of PSCA+ target 
cells in the presence of the scBsTaFv CD8-PSCA(MB1) 
(Fig. 4A,BI). However, lysis of target cells required relatively 
high e:t ratios of 10 to 1. The ratio of CD8+ to CD4+ T cells in the 
seven pre-activated PBMC samples varried between 30% and 
60% with a mean value of 45% (Fig. 4BII). 

As shown in Fig. 4B(I), killing effects mediated by the scBsTaFv 
CD8-PSCA(MB1) were significandy lower in comparison to the 
conventional CD3-engaging scBsTaFv CD3-PSCA(MB1) (Fig. 
4BI). These differences might be attributed to the effector cell 
population (pre-stimulated PBMCs) investigated which still con- 
tains CD4+ T cells that can be engaged for tumor cell lysis via the 
scBsTaFv CD3-PSCA(MB1) but not via the scBsTaFv CD8- 
PSCA(MBl)). 
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Figure 1. Comparison of conventional CD3-engaging bsAbs with CD8-engaging bsAbs with regard to (A) principal idea, (B) 
schematic structure, (C) production and purification. A, cross-linkage of T cells and tumor cells can be mediated by conventional bsAbs via 
simultaneous binding to the CD3 part of the TCR/CD3 complex and a tumor-associated surface antigen (TAA) (Al). A subtype-specific cross-linkage of 
CD8+ T cells can theoretically be achieved by a CD8-engaging bsAb (All). B, schematic structure of recombinant single-chain bsAbs. For construction 
of the novel CD8-engaging single-chain bsAb, the anti-CD3 domain of scBsTaFv CD3-PSCA(MB1) was replaced by the scFv derived from the novel 
anti-CD8 mAb clone MB10. Recombinant Ab constructs were further equipped N-terminally with an IgK leader as signal peptide (SP) for Ab secretion 
and C-terminally with a myc- and a his-tag for protein purification and detection. C, recombinant Abs were purified via Ni-NTA affinity 
chromatography from cell culture supernatant. Purified bsAbs were analyzed by SDS-PAGE and stained with Coomassie Brilliant Blue G250 to 
estimate protein purity and concentration (CI). Purified bsAbs were further analyzed by immunoblotting (Cll). After transfer onto nitrocellulose 
membranes recombinant Abs were detected via their C-terminal his-tag. 
doi:10.1371/journal.pone.0095517.g001 



Discussion 

In order to overcome limited effector functions of murine mAbs 
a series of recombinant bsAb formats have been developed over 
the past two decades [e. g. 4, 5]. All of them have their own 
advantages and disadvantages. Encouraging clinical responses 
were observed in recently published clinical trials, in which T cells 
were redirected using the BiTE blinatumomab for treatment of 
some malignancies of B cell origin [e. g. 7-9, 11]. Commonly, 
BiTEs engage T cells via the activating CD3 complex of the TCR 



complex. The cross-linkage to antigen-positive target cells leads to 
a capping effect at the T cell/target cell contact site. The 
formation of this immune synapse-like interaction [e. g. 5, 8, 10] is 
sufficient for activation of the T cells and efficient killing of target 
cells. Surprisingly, no additional co-stimulatory signal appears to 
be required [16]. Controversial data had been reported with 
respect to the contribution of CD4+ T cells to elimination of target 
cells after cross-linkage via CD3-engaging bsAbs [8,13-18]. 
Recently, we could explain these discrepancies as a result of the 
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Figure 2. Binding properties of the novel scBsTaFv CD8-PSCA(MB1 ). A, in order to investigate binding properties of the novel single-chain 
bsAb, PC3-PSCA cells and isolated CD8+T cells were stained with 10 ng/ul of recombinant Ab. Specific binding of the scBsTaFv CD8-PSCA(MB1) was 
detected with anti-myc/FITC. Histograms show percentage and mean fluorescence intensity (MFI) of stained antigen-positive cells (black) in 
comparison to the negative control incubated only with the secondary anti-myc/FITC mAb (white). 6, to demonstrate simultaneous binding of the 
novel scBsTaFv CD8-PSCA(MB1) to PC3-PSCA cells and CD8+ T cells and, hence, to visualize a cross-linkage between the two cell types, microscopic 
images were taken. Therefore, PC3-PSCA cells and isolated CD8+ T cells were co-cultivated in the presence of scBsTaFv CD8-PSCA(MB1) for 22 h and 
fixed with 90% methanol. The scBsTaFv CD8-PSCA(MB1) was detected with anti-myc/FITC mAb (green) and cell nuclei were stained with DAPI (blue) 
containing sample cover medium. Microscopic image (a) shows DAPI-stained nuclei of one PC3-PSCA cell (P) surrounded by four T cells (T). A 
homogenous cell surface staining of the PC3-PSCA cell and T cells is shown in picture (b) after detection of the scBsTaFv CD8-PSCA(MB1) with anti- 
myc/FITC. Furthermore, a cross-linkage between the PC3-PSCA cell and a T cell is visible (white triangle). Image (c) is an overlay of (a) and (fc>). 
doi:1 0.1 371 /journal.pone.009551 7.g002 
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Figure 3. Activation and cytokine release of freshly isolated CD8+ T cells or PBMCs after cross-linkage to PC3-PSCA cells via the 
novel scBsTaFv CD8-PSCA(MB1 ). A, freshly isolated CD8+ T cells were cultured with PC3-PSCA cells in the absence or presence of 30 pmol/ml 
bsAb at an e:t ratio of 10:1 for 24 h. Up-regulation of activation markers CD69 and CD25 on T cells was measured by flow cytometry and is shown for 
one representative donor. Numbers in dot plots represent percentage of CD8+/CD69+ cells. B, cell culture supernatants from co-cultures of T cell 
activation experiments (A) were collected to determine concentrations of IFN-y (left) or TNF (right) by ELISA. The activation experiments were 
additionally performed under the same conditions as already described but using freshly isolated PBMCs instead of isolated CD8+ T cells. For 
technical reasons isolated T cells and pre-activated PBMC samples were from independent donors. Data of one representative CD8+ T cell donor (Bl) 
and one representative PBMC donor (BIS) are shown. 
doi:1 0.1 371 /journal.pone.009551 7.g003 



respective experimental setting. It emerged from these studies that 
CD8+ T cells are able to start killing immediately after cross- 
linkage to a target cell via a bsAb [13,15]. In contrast to CD8+ T 
cells, CD4+ T cells show a lag phase of about four to five hours 
before they acquire fully functional killing capabilities. Conse- 
quently, a contribution to killing of target cells by CD4+ T cells 
can hardly be detected if the killing assay is limited to this time 
frame [e.g. 13, 15]. The reason for the observed delay may be that 
professional CD8+ killer T cells are already equipped with 
cytotoxic molecules such as perforin and granzymes while these 
molecules are normally not required for the physiological function 
of CD4+ T cells and therefore need to be synthesized in order to 
convert CD4+ T helper cells into CD4+ killer T cells. This 
interpretation is in good agreement with previously published data 
by Grossman et al. [20] who report that about 50% of CD8+ 
peripheral T cells express granzyme A and B while only few CD4+ 
naive T cells were tested positive for these enzymes. Moreover, 
granzyme B expression was induced in CD4+ T cells after 
activation via anti-CD3/anti-CD28 Abs. 



On the one hand, a contribution of CD4+ T cells to killing of 
target cells may have obvious advantages. On the other hand, a 
CD3-engaging bsAb will mediate a polyclonal activation of all 
subclasses of CD4+ T cells including Tregs. Aside from the 
suppressive effect of Tregs unwanted high amounts of cytokines 
will be released by activated CD4+ T effector cells which increase 
the risk of cytokine storms. Therefore, we thought of alternative 
ways to selectively redirect only CD8+ cytotoxic T cells. According 
to our current understanding, CD8 co-receptor molecules are 
normally outside of but assemble with the CD3/TCR complex 
after interaction of the TCR with a peptide:MHC complex. Thus, 
a simple cross-link between a T cell and a target cell via the CD8 
co-receptor should not be sufficient to result in a CD3-based 
signaling cascade within a T cell which is necessary for conversion 
of T cells into activated effector T cells. However, we speculated 
that pre-activation of T cells by interleukin 2 (IL-2) in combination 
with anti-CD3/anti-CD28-coated beads and subsequent co- 
receptor-mediated cross-linkage to tumor cells could perhaps 
already be operative. Indeed, we found that bsAb-mediated cross- 
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Figure 4. Tumor cell elimination mediated by the novel scBsTaFv CD8-PSCA(MB1). To analyze killing properties of the novel CD8- 
engaging single-chain bsAb standard chromium release assays were performed. A, to compare the anti-tumor effect of the novel scBsTaFv CD8- 
PSCA(MBI) with the conventional bsAb CD3-PSCA(MB1), [ 51 Cr]-labeled PC3-PSCA cells and either pre-activated PBMCs (left panel), isolated pre- 
activated CD8+ T cells (middle panel) or freshly isolated CD8+ T cells (right pane!) were cultivated in the presence or absence of 30 pmol/ml of 
recombinant bsAbs for 22 h. Mean of specific lysis ± SD of one representative donor is shown. Bl, summary of (A, left pane!) seven different donors is 
shown. Statistical significance was determined with one-way ANOVA and Bonferroni Multiple Comparison test (***p<0.001 with respect to control: 
no Ab; *p<0.05 significant difference between the conventional anti-CD3 bsAb and the novel anti-CD8 bsAb). Bll, In order to estimate the ratio of 
CD8+ to CD4+ T cells, the pre-activated PBMC preparations of all seven donors were stained for CD8+ and CD4+ T cells and analyzed by FACS. 
doi:10.1371/journal.pone.0095517.g004 



linkage of non-activated T cells via the co-receptor CD8 is not 
sufficient to trigger T effector cell functions but the combination of 
pre-activation and co-ligation leads to an efficient and selective 
tumor cell killing. The killing mediated by the anti-CD8 based 
bsAb appears to be less efficient compared to the anti-CD3 based 
bsAb. The reasons for these differences remain unclear. There are 
a series of possible explanations: For an efficient killing the 
affinities of a bsAb towards both the effector- and the target cell 
must be optimally balanced for repeated binding and release 
which may not be true for the currently available anti-CD8 based 
bsAb. Different affinities towards the effector cell side may 
influence the interaction time interval between binding and 



release of the effector cell to the target cell which will directly 
influence the efficacy of killing. Moreover, the two bsAbs are 
targeting different signalling pathways. Furthermore, the CD8 co- 
receptor is normally not part of the T cell receptor complex. So it 
has to be translocated into this complex in order to (indirectly) lead 
to the killing signal of the T cell receptor complex. As CD3 is not 
only part of the T cell receptor complex but directly involved in 
the creation this activation signal, a translocation of CD8 into this 
complex may be incomplete and therefore less efficient compared 
to the direct signalling via the CD3 complex. Nonetheless, the here 
described subclass specific targeting opens the chance to specif- 
ically redirect CD8+ T cells in cancer patients either by adoptive 
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transfer of ex vivo activated CD8+ T cells combined with CD8- 
engaging bsAb treatment or by application of a CD8-directed 
bsAb in combination with IL-2 treatment. 

In summary, we created a novel single-chain bsAb for 
retargeting of T cells via the co-receptor CD8. Thereby, we were 
able to show that pre-activated CD8+ T cells can indeed be 
redirected to target cells via their CD8 co-receptor resulting in an 
efficient killing of the target cell. 

Materials and Methods 

Ethics Statement 

Human PBMCs were isolated either from buffy coats supplied 
by the German Red Cross (Dresden, Germany) or from fresh 
blood of healthy donors with their written consent. The study 
including the consent form was approved by the local ethics 
committee of the Medical Faculty of the University Hospital 'Carl 
Gustav Cams' TU-Dresden (EK27022006). 

Isolation and Cell Culture of Human PBMCs and T Cell 
Fractions 

Human PBMCs were isolated from either fresh blood of healthy 
donors or buffy coats supplied by the German Red Cross 
(Dresden, Germany) by gradient centrifugation over Biocoll 
(Biochrom, Berlin, Germany) and cultivated as previously 
described [e. g. 14, 15]. CD8+ T cells were purified from PBMCs 
by negative selection using the CD8+ T cell Isolation Kit (Miltenyi 
Biotec, Bergisch Gladbach, Germany). PBMC activation was 
performed as described in [e. g. 14]. Isolated CD8 + T cells were 
expanded using DynaBeads (Invitrogen, Karlsruhe, Germany) at a 
beadxell ratio of 1:4 in the presence of 200 U/ml recombinant IL- 
2 (Proleukin S). After 4 days beads were removed and cells were 
maintained in complete RPMI 1640 medium containing 50 U/ml 
IL-2, 5 ng/ml IL-7 and 5 ng/ml IL-15 (ImmunoTools, Frie- 
soythe, Germany) until starting the experiments. 

Cell Lines 

PC3-PSCA cells, which permanendy express PSCA after 
transduction [e. g. 14], were cultivated in complete RPMI 1640 
medium supplemented with 10% FCS, 100 |Ig/ml penicillin/ 
streptomycin, 1% non-essential amino acids, 2 mM N-acetyl-L- 
alanyl-L-glutamine and 1 mM sodium pyruvate (all supplied by 
Biochrom). 3T3 cells and HEK293T cells were cultivated in 
complete DMEM medium also supplemented with the same 
components like the RPMI 1640 medium with the exception of 
sodium pyruvate. All cell lines were maintained at 37°C in a 
humidified atmosphere of 5% C0 2 [e. g. 18]. 

Construction and Analysis of Novel Single-chain bsAbs 

For redirection of T cells via the co-receptor CD8 a novel bsAb 
was constructed in the scBsTaFv format. The construct is based on 
the recently described humanized scBsTaFv CD3hu-PSCA(MBl) 
which is on the one hand directed to CD3 and on the other hand 
to PSCA a TAA which is expressed on the surface of prostate 
cancer cells [15,2 1] . In principle, the anti-CD3 scFv domain in this 
scBsTaFv was replaced by the anti-CD8 scFv domain. The anti- 
CD8 scFv was cloned from a novel mAb to CD8 (CD8-MB10) 
which was established from hyperimmunized mice using conven- 
tional hybridoma technique [e. g. 22]. RNA was prepared from 
hybridoma cells which were four times subcloned from single cells 
as previously described [e. g. 14]. The cloning of mRNA 
sequences encoding the Vh and Vl regions of the mAbs was 
accomplished using highly degenerated primers for IgG 1 isotypes 
as described previously [e. g. 22]. For amplification of the Vh 



chains, the following primer pair was used: IgGl-VH(for) 5' 
GGATCCSARGTNMAGCTGSAGSAGTC 3' and IgGl- 
V H (rev) 5' G AARRC GTCGACCCTCC GC AC C A- 

GACCCTCCGCCACAGACCCTCCGCCACCATAGACA- 
GATGGGGGTGTCTTTTGGC 3'. For amplification of the V L 
chains, the following primer pair was used: IgGl-VL(for) 5' 
GAATTCTGAYATTGTGMTSACMCAR WCTMCA 3' and 
IgGl-V L (rev) 5' GGGCCCGGATACAGTTGGTGCAGCATC- 
3'. 

The murine (mu) anti-CD8 scFv was constructed in Vh-Vl 
orientation using techniques previously described [e.g. 18]. For 
amplification and modification of anti-CD8 Vh the primer pair 
PI (for) 5' GCCCAGCCGGCCGAAGTTAAGCTGCAG- 
CAGTC 3' and P2(rev) 5' GGAGC CGCCGCCGC C AGAAC C 
ACCACCACCAGAGACAGTGACCAGAGTCCC 3' and for 
anti-CD8 V L the primer pair P3(for) 5' 
GGCGGCGGC GGCTCC GGTGGTGGTGGATCC GA- 
CATTGTGCT GACCCAGTCTCCA 3' and P4(rev) 5' 
GCGGCCGCGGATACAGTTGGTGCAGCATC 3' was used. 
The PCR products of Vh and Vl were fused by overlapping PCR 
for which purpose the following primer pair was used: P5(for) 5'- 
TTACTCGCGGCCCAGCCGGCCATGGCGGA CTA- 
CAAAG 3' and P6(rev) 5' GGAGC CGCCGCCGC C AG AAC - 
CACCACCACCATAGACAGATGGGGGTGTCGT 3'. The 
PCR products were ligated into an ^/tl/jVofl-restricted pSecTag2B 
vector. After plasmid amplification in E. coli Top 10 and DNA 
purification the anti-CD8 scFv was excised by restriction enzymes 
SJH/NoH and ligated into the same restriction enzyme sites of the 
vector encoding the bispecific construct scBsTaFv CD3- 
PSCA(MBl) [15]. Thereby, the anti-CD3 scFv domain present 
in the original construct scBsTaFv CD3-PSCA(MB1) was replaced 
by the murine anti-CD8 scFv domain resulting in the novel 
scBsTaFv CD8-PSCA(MB1). A final schematic view of the newly 
generated bsAb construct including the N-terminal IgK leader SP 
and the C-terminal myc- and his-tag is shown in Fig. IB. 

For permanent production the sequence of the novel recombi- 
nant bsAb including its N-terminal IgK leader SP and C-terminal 
tags was cut from pSecTag2B by restriction enzymes Miel and 
Mssl and cloned into the lentiviral vector p6NST50, which was 
digested with Xbal/ KspAl. All restriction enzymes were purchased 
from Fermentas (St. Leon-ROT, Germany). Finally, 3T3 cells 
were transduced with p6NST50 vector harboring the scBsTaFv 
sequence using a lentiviral packaging system as described 
previously [14,23]. 

Alternatively, the bsAbs were produced by HEK293T cells after 
transient transfection with pSecTag2B harboring the scBsTaFv 
CD8-PSCA(MB1) sequence. 

The recombinant his-tagged bsAbs were purified from cell 
culture supernatant and analyzed as described previously [14]. In 
brief, protein analysis was performed by SDS-PAGE and 
immunoblotting [e. g. 24, 25]. Therefore, isolated bsAbs were 
transferred onto a nitrocellulose membrane and detected by a 
murine anti-penta-his mAb (Quiagen, Hilden, Germany) and a 
rabbit anti-mouse-IgG conjugated with alkaline phosphatase 
(Dianova, Hamburg, Germany) using the substrate BCIP/NBT 
(Roche Diagnostics, Mannheim, Germany). Representative results 
of immunoblotting analysis and purity control with the help of a 
Coomassie Brilliant Blue G250 stained SDS-PAGE are presented 
in Fig. 1C. 

Binding properties of recombinant Abs were analyzed by flow 
cytometry as described previously [14]. Briefly, antigen-positive 
cells were incubated with recombinant Abs and detected with anti- 
myc/FITC mAb (Miltenyi Biotec) using a FACSCalibur flow 
cytometer (BD Biosciences, Heidelberg, Germany). 



PLOS ONE | www.plosone.org 



7 



April 2014 | Volume 9 | Issue 4 | e95517 



Bispecific Retargeting of T Cells via Co-Receptor CD8 



Immunofluorescence Microscopy 

For epifluorescence microscopy 5xlO J PC3-PSCA tumor cells 
were cultivated with 5x10 CD8+ T cells in the presence or 
absence of 30 pmol/ml scBsTaFv CD8-PSCA(MB1) in Nunc Lab- 
Tek Chamber Slides (ThermoFisher Scientific, Schwerte, Ger- 
many) for 22 h. Thereafter, medium was discarded and cells were 
fixed with 90% methanol for 10 minutes at — 20°C and blocked 
with 5% human serum in 1 x PBS for 15 min at 4°C. Finally, the 
scBsTaFv CD8-PSCA(MB1) was detected with anti-myc/FITC 
mAb (Miltenyi Biotec). Samples were washed and covered with 
DAPI-containing cover medium AKLIDES (Medipan, Dahewitz, 
Germany) and cover slides. Microscopic images were taken with a 
Zeiss Axiovert 200M epifluorescence microscope and edited with 
Axiovision software package (Zeiss, Jena, Germany). 

T cell Activation Assay and Cytokine ELISA 

After 22 h-incubation of 5xl0 3 PC3-PSCA tumor cells with 
5xl0 4 freshly isolated PBMCs or isolated CD8+ T cells in the 
presence or absence of 30 pmol/ ml of recombinant Abs, cells were 
spun down and supernatants were collected. T cells of one triplet 
were pooled, stained with anti-CD25/PE, anti-CD69/PE-Cy5, 
and anti-CD8/FITC (Miltenyi Biotec GmbH) and measured using 
a flow cytometer. Cytokine concentrations in collected superna- 
tants were determined using OptEIA Human IFN-y and OptEIA 
Human TNF ELISA Kits (BD Biosciences). 
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Cytotoxicity Assay 

Standard chromium release assays were performed as described 
elsewhere [14,18,19]. Briefly, effector T cells were co-cultured 
with 5 x 10'* [ 51 Cr] -labeled tumor cells at different effector to target 
cell (e:t) ratios for indicated time periods. Released [ 51 Cr] was 
determined with the help of a beta counter (PerkinElmer Life 
Sciences, Rodgau-Rugesheim, Germany). If not stated otherwise, 
experiments were performed in triplicates for at least three donors 
and used for calculation of mean and standard deviation. 

Statistical Analysis 

Statistical analysis was performed with GraphPad Prism 
software version 5.0 (GraphPad Software Inc., La Jolla, CA, 
USA) using non-parametric one-way ANOVA and Bonferroni 
multiple-comparison test. The p values *p<0.05 and ***p<0.001 
were considered significant. 
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